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SUMMARY 
aerodynamic s i m i l a r i t y  between a smal l  ( 4 - i n .  chord)  wind tunne l  model 
1-scale wind t u r b i n e  b lade ( 2 4 - f t  t i p  s e c t i o n  w i t h  a 36 - in .  chord)  was 
by comparing s e l e c t e d  pressure  d i s t r i b u t i o n s  around t h e  geomet r i -  
c a l l y  s i m i l a r  cross s e c t i o n s .  The a i r f o i l s  w e r e  NACA 64-621 s e c t i o n s ,  i n c l u d -  
i n g  t r a i l i n g - e d g e  a i l e r o n s  w i t h  a w i d t h  equal  t o  38 p e r c e n t  o f  t h e  a i r f o i l  
chord .  The model a i r f o i l  was t e s t e d  i n  t h e  OSU 6- by 12- In .  H igh  Reynolds 
Number Wind Tunnel; t h e  f u l l - s c a l e  b lade  s e c t i o n  was t e s t e d  i n  t h e  NASA Langley 
Research Center  30- by 60-Ft Subsonic Wind Tunnel .  The model a i r f o i l  con ta ined  
61 p ressu re  taps connected by embedded tubes t o  p ressu re  t ransducers .  A b e l t  
c o n t a i n i n g  29 p ressu re  taps  was f i x e d  t o  t h e  f u l l - s c a l e  s e c t i o n  a t  midspan t o  
cu 
a2 m 
M 
I 
w o b t a i n  su r face  p ressu re  da ta .  
L i f t  c o e f f i c i e n t s  were ob ta ined  by i n t e g r a t i n g  p ressu res ,  and c o r r e c t i o n s  
w e r e  made f o r  t h e  th ree-d imens iona l  e f f e c t s  of b lade  t w i s t  and downwash i n  the  
b l a d e  t i p  s e c t i o n .  Good c o r r e l a t i o n  was o b t a i n e d  between t h e  r e s u l t s  o f  t h e  
two d i f f e r e n t  exper imenta l  methods for ang les  of a t t a c k  from -4" t o  36" and 
a i l e r o n  d e f l e c t i o n s  from 0" t o  90". 
INTRODUCTION 
Aerodynamic p ressures  on an NACA 64-621 a i r f o i l  equipped w i t h  a p l a i n  
a i l e r o n  w i t h  a w i d t h  equal t o  38 percent  o f  the  chord  have been measured i n  
two p r e v i o u s  s t u d i e s .  The f i r s t  ( r e f .  1 )  d e a l t  w i t h  t h e  p ressu re  d i s t r i b u t i o n s  
on t h i s  a i r f o i l  o b t a i n e d  from a small two-d imensional  model w i t h  a 4 - i n .  chord 
t e s t e d  i n  t h e  Oh io  S t a t e  U n i v e r s i t y  A e r o n a u t i c a l  and A s t r o n a u t i c a l  Research 
L a b o r a t o r y ' s  (AARL) 6- by 12- In .  High Reynolds Number Wind Tunnel .  I n  the  sec- 
ond s t u d y  ( r e f .  2)  s u r f a c e  pressures were measured by means o f  a p ressu re  b e l t  
mounted a t  midspan on a f u l l - s c a l e ,  2 4 - f t - l o n g  ou tboard  s e c t i o n  o f  a 200-kW 
wind t u r b i n e  b lade,  t e s t e d  i n  NASA Lang ley  Research C e n t e r ' s  30- by 60-Ft Sub- 
son! c Wind Tunnel .  
The o p p o r t u n i t y  t o  compare aerodynamic p ressu re  d i s t r i b u t i o n s  ove r  t h e  same 
a i r f o i l  shape i n  these two v e r y  d i f f e r e n t  exper imenta l  f a c i l i t i e s  on models 
d i f f e r i n g  i n  s i z e  by an o r d e r  of  magnitude presented  a t r u e  t e s t  o f  model s i m i -  
l a r i t y  r u l e s .  Both s e t s  o f  d a t a  were subsonic ,  a l t h o u g h  Mach and Reynolds 
numbers d i f f e r e d  somewhat: Re = 5x106 f o r  t h e  p r e s s u r i z e d  OSU 
t u n n e l ,  and M = 0.10 and Re = 1 . 5 ~ 1 0 6  f o r  t h e  NASA a tmospher ic -p ressure  
f a c i l i t y .  The two Reynolds numbers were based on t h e  4 - i n .  chord  o f  t h e  OSU 
model and t h e  3 - f t  chord  a t  t h e  p ressu re  b e l t  s t a t i o n  o f  the  ro tor  b lade .  
M = 0.25 and 
The aerodynamic s i m i l a r i t y  between a smal l  w ind- tunnel  model and a 
f u l l - s c a l e  w ind  t u r b i n e  b lade  were e v a l u a t e d  by  comparing s e l e c t e d  p ressu re  
d i s t r i b u t i o n s  i n  the d i s p a r a t e  env i ronments o f  t h e  two f a c i l i t i e s .  O f  s p e c i a l  
i n t e r e s t  were t h e  p o t e n t i a l  l i m i t s  o f  good q u a l i t y  d a t a  a t  h i g h  ang les  o f  
a t t a c k  and h i g h  angles o f  a i l e r o n  d e f l e c t i o n  i n  t h e  smal l  OSU f a c i l i t y  i n  con- 
t r a s t  t o  t h e  l a r g e  uncons t ra ined  f low o f  t h e  NASA f u l l - s c a l e  t u n n e l .  Also of  
i n t e r e s t  was t h e  q u a l i t y  o f  p ressu re  b e l t  i n f o r m a t i o n ,  which i s  economica l l y  
o b t a i n e d  on f u l l - s c a l e  components b u t  s u f f e r s  p o t e n t i a l  e r r o r s  from t h e  s i m p l i -  
f l e d  i n s t a l l a t i o n  method. 
EXPERIMENTAL PROCEDURES 
Model Tes t i ng  i n  OSU 6- by 12- In .  H igh  Reynolds Number Wind Tunnel 
The wind tunnel  and the  model a re  shown s c h e m a t i c a l l y  i n  f i g u r e s  1 t o  3.  
Normal ized coo rd ina tes  o f  t h e  su r faces  o f  an NACA 64-621 a i r f o i l  a r e  l i s t e d  i n  
t a b l e  I. The 4- in . -chord  model was manufactured o f  an epoxy-aluminum m a t e r i a l .  
T h i r t y - f o u r  pressure taps  were formed i n t o  t h e  main a i r f o i l ,  and 27 p ressu re  
taps  were formed i n t o  t h e  a i l e r o n  o f  t h i s  two-element, two-d imensional  model. 
P l a s t i c  tubes were l e d  from t h e  p ressu re  taps  th rough  t h e  model and o u t  th rough 
t h e  r e c t a n g u l a r  end b l o c k s  t o  a pressure-scann ing  system. A s  shown i n  f i g u r e  3 
t h e  end b l o c k s  f i t  i n t o  c i r c u l a r  mount ing p l a t e s  t h a t  f i t  f l u s h  w i t h  t h e  tunne l  
w a l l s  and can be r o t a t e d  t o  a l t e r  t h e  a n g l e  o f  a t t a c k .  The a i l e r o n  was s e t  
i n t o  i t s  own mount ing p l a t e ,  a l l o w i n g  r o t a t i o n  from 0" d e f l e c t i o n  t o  100" 
( t r a i l i n g  edge up) .  F u r t h e r  d e t a i l s  o f  t h e  model i n s t a l l a t i o n  and t e s t  proce-  
dure  a r e  g i v e n  i n  r e f e r e n c e s  1 and 3.  
F u l l - s c a l e  Tes t i ng  i n  NASA Langley 30- by  60-Ft Subsonic Wind Tunnel 
A s e c t i o n  o f  a Mod-0 wind t u r b i n e  b lade  was mounted v e r t i c a l l y  on a p l a t e  
i n  t h e  tunne l  f l o o r ,  as shown i n  f i g u r e  4.  T h i s  p l a t e  was suppor ted  by  a load-  
ba lance system and c o u l d  be r o t a t e d  about  a v e r t i c a l  a x i s  t o  change t h e  a i r f o i l  
ang le  o f  a t t a c k .  Key d imensions o f  the  i n s t a l l a t i o n  a r e  shown i n  f i g u r e  5. A 
pressure-measuring b e l t  was f i x e d  near  midspan and 12.3 f t  from t h e  t i p .  The 
sens ing  end of the pressure-measur ing system i l l u s t r a t e d  i n  f i g u r e  6 c o n s i s t e d  
o f  a b e l t  compr is ing  twenty -n ine  0.125-in.-0.d. by  0 .040 - in . - i . d .  p l a s t i c  
t ubes .  The w a l l  of each tube was bored w i t h  a s i n g l e  s t a t i c  p ressu re  t a p  
0.040 i n .  i n  d iameter .  The t a p  l o c a t i o n s  were s e l e c t e d  so t h a t  a chordwise 
p ressu re  d i s t r i b u t i o n  c o u l d  be measured c o m p l e t e l y  around t h e  a i r f o i l .  The 
p ressu re  b e l t  was a t t a c h e d  to  the  b lade  s e c t i o n  w i t h  a s i l a s t i c  rubber  cement. 
The p ressu re  b e l t  t u b i n g  and a l l  a u x i l i a r y  w i r i n g  then  passed th rough  the  b lade 
s k i n  and down the  i n s i d e  o f  t h e  b lade th rough  t h e  t u n n e l  f loor t o  t h e  c o n t r o l  
room below. A mic roprocessor  was s e t  up t o  d i g i t i z e  and f o r m a t  t h e  d a t a  and 
then  send them t o  a c a s s e t t e  tape r e c o r d e r .  D e t a i l s  of t h e  des ign  and opera- 
t i o n  of the  pressure b e l t  system can be o b t a i n e d  from r e f e r e n c e  4.  
2 
RESULTS AND DISCUSSION 
. 
A d i r e c t  comparison o f  the  r e s u l t s  from t h e  two d i f f e r e n t  t e s t s  was ham- 
pered by t h e  f a c t  t h a t  t h e  model data were taken a t  3" inc rements  i n  ang le  o f  
a t t a c k  b u t  t h e  f u l l - s c a l e  d a t a  w e r e  t aken  a t  2" i nc remen ts .  I n  a d d i t i o n ,  t h e  
f u l l - s c a l e  b lade  was t w i s t e d  so t h a t  t h e  nominal or geomet r ic  ang le  o f  a t t a c k  
a t  t h e  t i p  d i f f e r e d  by  about  1 "  from t h e  ang le  o f  a t t a c k  a t  t h e  s t a t i o n  a t  
which t h e  p ressu re  b e l t  was mounted. Fur thermore ,  t h e  f u l l - s c a l e  s e c t i o n  had 
a downwash from t h e  t i p ,  b u t  t h e  two-dimensional model had no downwash. Never- 
t h e l e s s ,  w i t h  these c a u t i o n s  i n  mind, i t  was s t i l l  p o s s i b l e  to  e x t r a c t  v a l u a b l e  
compara t ive  i n f o r m a t i o n  f r o m  t h e  two t e s t  methods. 
Chordwise Pressure D i s t r i b u t i o n s  
T y p i c a l  p ressu re  d i s t r i b u t i o n s  a l o n g  t h e  a i r f o i l  chords a r e  p resen ted  i n  
f i g u r e  7 f o r  a n o m i n a l l y  0" a i l e r o n  d e f l e c t i o n .  A t  modest ang les  o f  a t t a c k  
( f i g .  7 ( a > )  t h e  f l o w  was f u l l y  a t tached t o  b o t h  t e s t  a i r f o i l s .  L i f t  c o e f f i c i -  
en ts  o b t a i n e d  by i n t e g r a t i n g  t h e  su r face  p ressu res  were approx ima te l y  0 .4 for  
bo th  t h e  model and t h e  f u l l - s c a l e  a i r f o i l .  Wi th  t h e  e x c e p t i o n  o f  t h e  upper 
su r face  pressures  a t  x / c  < 0.1, l o c a l  p ressu res  from t h e  two t e s t s  w e r e  i n  rea-  
sonable agreement. Note t h a t  t h e  gap f low a t  x / c  = 0 .6  i s  w e l l  rep resen ted  i n  
bo th  p ressu re  d i s t r i b u t i o n s .  Nominal ang les  of a t t a c k ,  however, were somewhat 
d i f f e r e n t  a t  t h e  two t e s t  s e c t i o n s .  
a t t a c k  o f  4"; t h e  model d a t a  a r e  fo r  a 0" ang le  o f  a t t a c k .  
The f u l l - s c a l e  s e c t i o n  had an ang le  o f  
A t  a p a r t i a l l y  s t a l l e d  c o n d i t i o n  ( f i g .  7 ( b > >  b o t h  p ressu re  d i s t r i b u t i o n s  
e x h i b i t e d  t h e  f low p ressu re  p la teau  r e p r e s e n t a t i v e  o f  separa ted  f l o w  a f t  o f  
t he  a i l e r o n  gap on t h e  upper  sur face .  
d i s t r i b u t i o n s  i s  encourag ing .  The c o n t i n u i n g  concern t h a t  wind tunne l  da ta ,  
which a r e  n o m i n a l l y  two d imensional ,  may n o t  be r e p r e s e n t a t i v e  o f  " r e a l "  t h ree -  
d imensional  wind t u r b i n e  r o t o r s  i s  eased somewhat by t h i s  agreement. Again,  
t h e  nominal ang le  o f  a t t a c k  of  the  f u l l - s c a l e  a i r f o i l  was somewhat l a r g e r  than 
t h a t  o f  t h e  model a i r f o i l .  I n  t h i s  case t h e  d i f f e r e n c e  was 2" .  
T h i s  agreement between t h e  two p ressu re  
F i g u r e  8 compares two da ta  sets a t  0" ang le  o f  a t t a c k .  I n  one s e t  
( f i g .  8 ( a > >  the  a i l e r o n  was unde f lec ted ;  i n  t h e  o t h e r  ( f i g .  8 ( b > >  t h e  a i l e r o n  
was d e f l e c t e d  90" ( t r a i l i n g  edge up> for  maximum aerodynamic b r a k i n g .  I n  t h i s  
extreme case t h e  e n t i r e  upper sur face  o f  each a i r f o i l  was near  s t a g n a t i o n  pres-  
sure w h i l e  t h e  lower s u r f a c e  was a t  v e r y  low p ressu re .  The agreement o f  the  
back-s ide pressures  on  t h e  a i l e r o n  i s  remarkab le  c o n s i d e r i n g  t h a t  t h e  model 
da ta  were o b t a i n e d  on  a two-dimensional 4 - i n .  a i r f o i l  i n  a 6- by 12 - in .  t e s t  
s e c t i o n  and t h e  f u l l - s c a l e  pressures were measured on a th ree-d imens iona l  rotor 
b lade w i t h  a 3 - f t  chord  i n  a 30- by 60 - f t  f a c i l i t y .  
Even more i n t e r e s t i n g  d a t a  are g i v e n  i n  f i g u r e  9 for  90" o f  a i l e r o n  
d e f l e c t i o n .  I n  bo th  t h e  model and f u l l - s c a l e  t e s t s  p ressu re  d i s t r i b u t i o n s  
w e r e  observed t o  change d r a s t i c a l l y  between 18" and 36" ang les  o f  a t t a c k .  
18" t h e  upper su r faces  w e r e  i n  a h igh-pressure  r e g i o n  and t h e  lower su r faces  
w e r e  i n  a low-pressure zone, y i e l d i n g  n e g a t i v e  l i f t  c o e f f i c i e n t s .  However, 
when t h e  ang le  o f  a t t a c k  was increased t o  36". t h e  upper sur face pressures  
showed s e p a r a t i o n  and were a t  an e s s e n t i a l l y  c o n s t a n t  low p ressu re ,  b u t  the  
lower  su r faces  were  then  ac ted  upon by r e l a t i v e l y  h i g h  p ressu res .  The n e t  
A t  
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r e s u l t  was a p o s i t i v e  l i f t  c o e f f i c i e n t .  I n  o t h e r  words, t h e  b r a k i n g  e f f e c t  o f  
t h e  d e f l e c t e d  a i l e r o n  was overcome and t h e  a i r f o i l  c o u l d  produce power.  
When these r e v e r s e  p ressu re  d i s t r i b u t i o n s  were f i r s t  o b t a i n e d  on models i n  
t h e  OSU f a c i l i t y ,  t he re  was some concern t h a t  t h e  t e s t  s e c t i o n  w a l l s  were con- 
t r i b u t i n g  t o  these extreme p ressu re  changes. The e x c e l l e n t  agreement shown i n  
f i g u r e s  10 and 1 1  between t h e  subsca le  and f u l l - s c a l e  p r e s s u r e  d i s t r i b u t i o n s  
has r e l i e v e d  these concerns.  
L i f t  C o e f f i c i e n t s  
Sur face  pressures were i n t e g r a t e d  t o  de termine l i f t  c o e f f i c i e n t s  f o r  
s e l e c t e d  cases. The OSU model was des igned s p e c i f i c a l l y  f o r  t h i s  p r e s s u r e  
i n t e g r a t i o n  procedure and had 34 p ressu re  taps  on t h e  main e lement  p l u s  27 
p ressu re  taps on the a i l e r o n .  
o f  o r i f i c e s  can be expected t o  produce s t a b l e ,  r e p e a t a b l e  l i f t  and d r a g  coe f f i -  
c i e n t s .  Only  29 pressure o r i f i c e s  were a v a i l a b l e  from t h e  p ressu re  b e l t .  
A l though  t h i s  i s  s u f f i c i e n t  t o  d e f i n e  t h e  f o r c e  normal t o  t h e  a i r f o i l ,  i n t e g r a -  
t i o n  o f  pressures  from t h i s  l i m i t e d  number o f  taps  w i l l  not produce a c c u r a t e  
chordwise f o r c e s .  There fore  o n l y  l i f t  c o e f f i c i e n t s  a r e  p resen ted  i n  t h i s  s tudy .  
I n t e g r a t i o n  o f  p ressures  from t h i s  l a r g e  number 
A s  shown i n  f i g u r e  10, a t  0" a i l e r o n  d e f l e c t i o n  t h e  model NACA 64-621 had 
a z e r o - l i f t  ang le  o f  -4", a l i f t  cu rve  s l o p e  o f  0.091 p e r  degree,  and a maximum 
l i f t  c o e f f i c i e n t  o f  1 . 2 .  By comparison, t h e  f u l l - s c a l e  b lade  s e c t i o n  had a 
z e r o - l i f t  ang le  o f  -2" ,  a l i f t  cu rve  s lope  o f  0.074 p e r  degree,  and a maximum 
l i f t  c o e f f i c i e n t  o f  1 .l. 
The d i f f e r e n c e  i n  z e r o - l i f t  ang le  was a t t r i b u t e d  to  t h e  t w i s t  o f  t h e  f u l l -  
s c a l e  b lade,  and t h e  d i sc repancy  i n  t h e  l i f t  curve  s lope  was p r o b a b l y  caused by 
a combina t ion  o f  downwash i n  t h e  f u l l - s c a l e  b lade  and d i f f e r e n c e s  i n  Reynolds 
number ( 5 ~ 1 0 ~  for the  model and 1 . 5 ~ 1 0 6  f o r  the  f u l l - s c a l e  a i r f o i l ) .  
f e r e n c e  between the maximum l i f t  c o e f f i c i e n t s  was s i m i l a r l y  a t t r i b u t e d  t o  a 
Reynolds number mismatch compounded by a smal l  d e f l e c t i o n  o f  t h e  f u l l - s c a l e  
a i l e r o n  under load.  A t  h i g h  ang les  o f  a t t a c k  and smal l  a i l e r o n  d e f l e c t i o n s  t h e  
f u l l - s c a l e  a i l e r o n  d e f l e c t e d  about  1 .5"  ( t r a i l i n g  edge up) ,  decambering t h e  
a i r f o i l .  Because o f  t h i s  smal l  a i l e r o n  d e f l e c t i o n  t h e  0" ang le  o f  a t t a c k  p o i n t  
f o r  t h e  f u l l - s c a l e  t e s t  d a t a  i s  shown i n  p a r e n t h e s i s ,  and t h e  l i f t  c o e f f i c i e n t  
has been lowered by 0.06 t o  account  for a d i f f e r e n c e  i n  a i l e r o n  d e f l e c t i o n  a t  
t h i s  ang le  of a t t a c k  from t h e  r e s t  of  t h e  d a t a  a t  t h i s  a i l e r o n  s e t t i n g .  
The d i f -  
A i l e r o n  d e f l e c t i o n  ang les  o f  10" and 90" ( t r a i l i n g  edge up) a r e  a l s o  pre-  
sented  i n  f i g u r e  10 as f u n c t i o n s  o f  ang le  o f  a t t a c k .  The 10" d e f l e c t i o n  demon- 
s t r a t e d  the  same behavior  as the  nominal  0" d e f l e c t i o n ,  w i t h  a l i n e a r l y  
i n c r e a s i n g  l i f t  c o e f f i c i e n t  f o l l o w e d  by a g e n t l e  s t a l l .  
t h e  maximum l i f t  c o e f f i c i e n t s  for  b o t h  t h e  model and f u l l - s c a l e  a i r f o i l s  were 
n e a r l y  i d e n t i c a l  a t  0.95. A t  0" ang le  o f  a t t a c k  t h e  changes i n  l i f t  p e r  degree 
of a i l e r o n  d e f l e c t i o n  were 0.055 and 0.060 f o r  t h e  model and f u l l - s c a l e  t e s t s ,  
r e s p e c t i v e l y .  When t h e  a i l e r o n  was d e f l e c t e d  t o  go",  t h e  i n t e g r a t e d  p ressu res  
y i e l d e d  a non l i nea r  v a r i a t i o n  w i t h  ang le  o f  a t t a c k ,  and remarkab ly  good agree- 
ment was o b t a i n e d  between t h e  two d a t a  s e t s ,  c o n s i d e r i n g  t h e  ext reme a i l e r o n  
d e f l e c t i o n  and the  l a r g e  ang les  o f  a t t a c k .  
For t h i s  d e f l e c t i o n  
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The lift data from the full-scale three-dimensional test were scaled to 
two-dimensional form, taking into account the -2.2" twist of the rotor at the 
pressure belt station and the corresponding induced angle of attack. Figure 1 1  
shows the results of this scaling, again compared with the two-dimensional 
model data. At 0" aileron deflection the scaled three-dimensional data yielded 
a zero-lift angle of -4.4", a lift curve slope of 0.082 per degree, and a maxi- 
mum lift coefficient of 1.1. 
curve slopes into closer agreement but did not affect the maximum lift coeffi- 
cient difference of 0.1. 
Scaling brought the zero-lift angles and lift 
Scaled three-dimensional lift data for aileron settings of 10" and 90" 
(trailing edge up) are also compared with two-dimensional data in figure 1 1 .  
For the 10" deflection the OSU two-dimensional data corresponded almost identi- 
cally to the scaled Langley data, with lift curve slopes of 0.090 and 0.093 per 
degree, respectively. At an aileron setting of 90" the Langley scaled data and 
the OSU data followed the same nonlinear variation with increasing angle of 
attack. However, the lift coefficient for the full-scale airfoil was 0.1 to 
0.3 higher than that measured with the OSU model airfoil. 
due to the different Reynolds numbers for the two tests. 
This was primarily 
CONCLUSIONS 
Surface pressures were measured in two very different wind tunnels on a 
model and a full-scale NACA 64-621 airfoil equipped with a 0.38-chord aileron. 
The model, a two-dimensional configuration with a 4-in. chord and flush pres- 
sure taps, was tested in the pressurized OSU 6- by 12-In. High Reynolds Number 
Wind Tunnel. The full-scale airfoil, which was an actual tip section of a 
Mod-0 200-kW wind turbine rotor of riveted aluminum construction, was tested 
in the NASA Langley Research Center 30- by 60-Ft Subsonic Wind Tunnel. 
29-port pressure belt was used to obtain the pressure distributions near the 
midspan of  the full-scale airfoil, at a station with a 3-ft chord. 
A 
Based on a comparison of 
and using different test 
1 .  When corrections 
in the full-scale airfoi 
in agreement. 
the data from these two tests at very different scales 
ng procedures, the following conclusions were drawn: 
were made for the effects of blade twist and downwash 
, surface pressures from both tests were essentially 
2. In the poststall regime two-dimensional aerodynamic properties obtained 
in the small-scale OSU facility agreed with the pressure and lift data measured 
on the three-dimensional rotor in the large-scale NASA wind tunnel. 
3. Using pressure belts on the full-scale rotor section was an economical 
method of obtaining surface pressures. 
produced lift coefficients of acceptable engineering precision. 
Integration of the surface pressures 
4. When the aileron section of the airfoil was deflected go", the rapid 
change from negative to positive lift coefficient, which was noted in the OSU 
two-dimensional tests as the angle of attack increased from 18" to 36", was 
duplicated in the full-scale test. This observation relieves earlier concerns 
5 
t h a t  t h e  OSU wind tunne l  m igh t  I n  some way be i n f l u e n c i n g  t h e  l i f t  d a t a  and 
caus ing  t h e  r a p i d  change. 
Y/C, 
p e r c e n t  
0.768 
1.223 
1.696 
2.573 
3.298 
7.260 
8.277 
10.401 
11.907 
12.475 
13.276 
13.623 
12.840 
11.296 
8.446 
5.344 
3.353 
1.665 
0 
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x / c ,  
-0.085 
0 
.459 
1.569 
3.096 
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10.706 
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49.018 
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100.000 
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TABLE I . - NACA 64-621 AIRFOIL COORDINATES 
[ C o o r d i n a t e s  normal  i zed t o  a i  r f o i  1 chord 
Upper s u r f a c e  I Lower s u r f a c e  
d imension c . ]  
x / c ,  
p e r c e n t  
-0.085 
-. 038 
.083 
.581 
1.197 
7.045 
9.294 
15.343 
21.432 
24.486 
30.606 
39.798 
48.982 
58.124 
70.224 
79.221 
88.152 
94.076 
100.000 
Y / C  I 
p e r c e n t  
0.768 
0 -. 954 
-2.006 
-2.85 1 
-4.657 
-5.173 
-5.741 
-6.577 
-7.105 
-7.364 
-7.196 
-6.223 
-4.268 
-2.612 
-1.037 
.151 
.502 
0 
6 
r T R A V E R S  1 NG 
/’ WAKE PROBE 
~ E P A R A T E D  PLENUMS 
F DUAL PRESSURE TANKS 
/’ (750 F T ~  EACH: 2600 P S I )  
FIGURE 1. - SCHEMATIC VIEW OF OSU AARL 6- BY 12- IN.  HIGH REYNOLDS NUMBER WIND TUNNEL, OPERATED BY THE PRESSURIZED/BLOWDOWN 
PROCEDURE. 
y l  
b - =  0.62 c --&J--- 0.38 c 4 
L~~ LERON 
FIGURE 2. - NACA 64-621  A IRFOIL  SECTION (COORDINATES I N  
TABLE I ) .  
TUBE FOR PRES- 
‘-AILERON TUBE FOR PRES- 
SURE L INES ( 2 )  
(A )  TEST MODEL. 
r 9 - ~ ~ . - ~ ~ ~ ~  MOUNTING PLATE 
(B) MOUNTING PLATES. 
FIGURE 3.  - DIAGRAMS OF OSU TEST MODEL AND MOUNTING PLATES, 
(ALL DIMENSIONS ARE I N  INCHES.) 
7 
- NACA 64-615 
(-1' TWIST) 
. 
rPRESSURE BELT 
// 
/ 
/ NACA 64-621 
/' (-2.17' TWIST) - - _ -  
- NACA 64-621 
(-3' TWIST) 
NACA 23024 
(0' TWIST) 1- 
FIGURE 4.  - FULL-SCALE BLADE T I P  SECTION MOUNTED I N  NASA LANGLEY FIGURE 5 .  - PRINCIPAL DIRENSIONS OF FULL-SCALE TEST 
30- BY ~ O - F T  SUBSONIC WIND TUNNEL. AIRFOIL. SHOWING LOCATION OF PRESSURE BELT. (ALL 
DIRENSIONS ARE I N  FEET.) 
PRESSURE 
CALIBRATION PRESSURES 
CALIBRATION 
MODULE L I c"Rh I 
I N  CONTROL ROOM CASSETTE 
RECORDER 
TERMINAL 
MICROPROCESSOR 
FIGURE 6 .  - SCHEMATIC DIAGRAM OF PRESSURE BELT DATA ACQUISITION SYSTEM. 
8 ORIGINAL PAGE TS 
03 POOR QUALITY 
-2.5 
-2.0 
-1.5 
s w 
2 -1.0 
LL LL 
W 
0 V 
W c*
v) W c*
2 - . 5  
n 
C 
1.t 
- 
CHORD, ANGLE OF DEFLECTION 
c. ATTACK. ANGLE, 
IN. DEG DEG - 
0 4  0 0 
0 36 4 1.5 
A 4  12 0 
- 0 36 14 -1.5 
I 
I 
I AILERON 
c-----, 
I 
.2 .4 . 6  .8 1.0 
1D”AL: PAGE IS 
OF POOR QIJAJ,TTY 
.2 .4 . 6  .8 1 .o 
NORMALIZED CHORDWISE COORDINATE. x / c  
( A )  FULLY ATTACHED FLOW. (B)  FLOW NEAR STALL. 
FIGURE 7. - COMPARISON OF CHORDWISE PRESSURE DISTRIBUTIONS WITH FLOW FULLY ATTACHED AND NEAR STALL. 
CHORD, ANGLE OF 
c, ATTACK. 
I N .  DEG 
-1 .o 
+ 
L 
V 
L L  
V 
W w 3
w 
-.5 
w o  W 
E n. 
I 
I 
I AILERON 
r 
I 
I 
I 
-
I 1 .o 
0 .2 .4  . 6  .a 1.0 0 .2 .4  .G .8 1.0 
NORMALIZED CHORDWISE COORDINATE. X/C 
( A )  AILERON DEFLECTION ANGLE. NEAR 0’. (B)  AILERON DEFLECTION ANGLE. 90’ 
FIGURE 8. - EFFECT OF AILERON DEFLECTION ON CHORDWISE PRESSURE DISTRIBUTION. 
9 
-4.0 IJ- -2.5f 
-2.0 L 
1.2 
.8 
.4 
& - .4  
-.8 
-1.2 
-1.6 
CHORD, 
C. 
I N .  
0 4  
0 36 
I 
0 c I I  
.8 
I I 
0 .2 . 4  .6 .8 1 .o 1.6 
NORMALIZED CHORDWISE COORDINATE, X/C 
(A)  ANGLE OF ATTACK. 18'. (B) ANGLE OF ATTACK. 36'. 
FIGURE 9 .  - CHANGE I N  CHORDWISE PRESSURE DISTRIBUTION WITH INCREASING ANGLE OF ATTACK, WHEN AILERON DE- 
FLECTION ANGLE IS 90'. 
DEFLECTION 
ANGLE. 1.2 
.8 
.4  
I- L
2 0  u, 
s 
U - 
u 
& -.4 
-I 
-.8 
DEFLECTION 
ANGLE. 
-8 0 8 16 24 32 40 " 0 8 16 24 32 40 
ANGLE OF ATTACK, DEG ANGLE OF ATTACK, DEG 
. 
FIGURE 10. - COMPARISON OF L I F T  COEFFICIENTS BEFORE SCALING FIGURE 11. - COMPARISON OF L I F T  COEFFICIENTS AFTER SCALING 
DATA FOR LARGER AIRFOIL .  DATA FOR LARGER AIRFOIL .  
Report Documentation Page 
1. Report No. 2. Government Accession No. 
NASA TM- 100802 
4. Title and Subtitle 
7. Key Words (Suggested by Author@)) 
Comparison of  Pressure  D i s t r i b u t i o n s  on Model and 
F u l l - s c a l e  NACA 64-621 A i r f o i l s  With A i l e r o n s  f o r  
Wind Tu rb ine  A p p l i c a t i o n  
G.M.  Gregorek, R.J. Kuniega, and T.W. Ny land 
7. Author@) 
18. Distribution Statement 
9. Performing Organization Name and Address 
N a t i o n a l  Ae ronau t i cs  and Space A d m i n i s t r a t i o n  
Lewis Research Center  
Cleveland,  Oh io  44135-3191 
Windpower u t i l l z a t l o n ;  Wind t u r b i n e s ;  
A i  r f o i  1 s ; Aerodynami cs ; Aerodynamic 
d rag ;  Aerodynamic s i m i l a r i t y ;  A i l e r o n s  
12. Sponsoring Agency Name and Address 
U.S. Department of Energy 
WindIOcean Technology D i v i s i o n  
Washington, D.C. 20546-0001 
15. Supplementary Notes 
U n c l a s s i f i e d  - Unl  i m i  t e d  
S u b j e c t  Category  44 
DOE Category  UC-60 
3. Recipient's Catalog No. 
9 Security Classif. (of this report) 
U n c l a s s i f i e d  
5. Report Date 
20. &urity Classif (of this page) 121. No of p , a ~  22 Price' 
U n c l a s s i f i e d  I - A 0 2  
A p r i l  1988 
6. Performing Organization Code 
8. Performing Organization Report No. 
E-3982 
10. Work Unit No. 
776-33-41 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Techn ica l  Memorandum 
14. Sponsoring Agency Report No. 
DOE/NASA/20320-75 
F i n a l  Repor t .  Prepared under  In te ragency  Agreement DE-AI01-76ET20320. 
G . M .  Gregorek and R.J. Kuniega, Oh io  S ta te  U n i v e r s i t y ,  Columbus, Ohio,  and 
T.W. Nyland, Lewis Research Center .  
6. Abstract 
?he aerodynamic s i m i l a r i t y  between a small (4 - In .  chord)  wind tunne l  model and 
a f u l l - s c a l e  wind t u r b i n e  b lade  (24- f t  t i p  s e c t i o n  w i t h  a 36- in.  chord)  was e v a l -  
ua ted  by  comparing s e l e c t e d  p ressu re  d i s t r i b u t i o n s  around the  g e o m e t r i c a l l y  
s i m i l a r  c r o s s  s e c t i o n s .  The a i r f o i l s  were NACA 64-621 s e c t i o n s ,  i n c l u d i n g  
t r a i l i n g - e d g e  a i l e r o n s  w i t h  a w i d t h  equal t o  38 p e r c e n t  of t h e  a i r f o i l  chord .  
The model a i r f o i l  was t e s t e d  i n  the  OSU 6- by 12- In .  High Reynolds Number Wind 
Tunnel ;  t h e  f u l l - s c a l e  b lade  s e c t i o n  was t e s t e d  i n  the  NASA Lang ley  Research 
Center  30- by  60-Ft Subsonic Wind Tunnel. The model a i r f o i l  con ta ined  61 pres-  
sure  taps  connected by  embedded tubes to p ressu re  t ransducers .  A b e l t  c o n t a i n i n g  
29 p ressu re  taps  was f i x e d  t o  the  f u l l - s c a l e  s e c t i o n  a t  midspan t o  o b t a i n  s u r f a c e  
p ressu re  da ta .  L i f t  c o e f f i c i e n t s  were o b t a i n e d  by i n t e g r a t i n g  p ressu res ,  and 
c o r r e c t i o n s  were made f o r  the  three-d imensional  e f f e c t s  of b lade t w i s t  and down- 
wash i n  t h e  b lade t i p  s e c t i o n .  The r e s u l t s  o f  t h e  two d i f f e r e n t  exper imen ta l  
methods c o r r e l a t e d  w e l l  f o r  ang les  o f  a t t a c k  from -4" t o  36" and a i l e r o n  d e f l e c -  
t i o n s  from 0" t o  90". 
'For sale by the National Technical Information Service, Springfield, Virginia 22161 4SA FORM 1826 OCT 08 
